Mapping hydrothermally altered rocks in the Northern Grapevine Mountains, Nevada and California with the airborne imaging spectrometer by Kruse, Fred A.
N88- 13772 
HYDROTHERMALLY ALTERED ROCKS IN THE ' 
\ NORTHERN GRAPEVINE MOUNTAINS, NEVADA AND 
CALIFORNIA WITH THE AIRBORNE IMAGING SPECTROMETER d 
FRED A. KRUSE 
Cooperative Institute for Research in Environmental Sciences (CIRES) 
Center for the Study of Earth from Space (CSES) 
University of Colorado, Boulder Colorado 80309 
ABSTRACT 
Seven f l i g h t l i n e s  of  Ai rborne  Imaging Spec t rometer  
( A I S )  d a t a  a c q u i r e d  d u r i n g  1 9 8 4 ,  1 9 8 5 ,  and  1 9 8 6  were 
ana lyzed  f o r  an a r e a  of hydrothermally a l t e r e d  rocks i n  t h e  
n o r t h e r n  Grapevine Mountains, Nevada and C a l i f o r n i a .  T h e  
d a t a  w e r e  reduced t o  r e f l e c t a n c e  r e l a t i v e  t o  an ave rage  
spectrum, and an automated procedure was used t o  produce a 
c o l o r  coded image d i s p l a y i n g  a b s o r p t i o n  band in fo rma t ion .  
I n d i v i d u a l  s p e c t r a  were e x t r a c t e d  from t h e  AIS images t o  
determine t h e  d e t a i l e d  mineralogy. 
Two a l t e r a t i o n  types  were mapped based upon mineralogy 
i d e n t i f i e d  us ing  t h e  A I S  da ta .  T h e  p r i m a r y  a l t e r a t i o n  type  
i s  q u a r t z - s e r i c i t e - p y r i t e  a l t e r a t i o n  which o c c u r s  i n  
nor thwes t - t rending  zones i n  q u a r t z  monzonite porphyry. The 
A I S  d a t a  a l low i d e n t i f i c a t i o n  of sericite (muscovite) based  
upon a s t r o n g  a b s o r p t i o n  f e a t u r e  n e a r  2 .21p t1  and weaker 
a b s o r p t i o n  f e a t u r e s  n e a r  2 .35  and 2 . 4 5 p m .  The second 
a l t e r a t i o n  t y p e  o c c u r s  a s  a zone of a r g i l l i c  a l t e r a t i o n  
a s s o c i a t e d  wi th  a g r a n i t i c  i n t r u s i o n .  Montmor i l lon i te  was 
i d e n t i f i e d  i n  t h i s  zone based  upon a weak t o  modera te  
a b s o r p t i o n  f e a t u r e  n e a r  2 . 2 1 p  and t h e  absence of  t h e  two 
abso rp t ion  f e a t u r e s  a t  longer  wavelengths c h a r a c t e r i s t i c  of 
ser ic i te .  Montmor i l lon i te  cou ld  be  i d e n t i f i e d  o n l y  where 
concen t r a t ions  of ser ic i te  were low enough t h a t  t h e  ser ic i te  
spectrum did not  mask t h e  montmor i l lon i te  spectrum. 
I" 
A l t e r a t i o n  mapping i s  a t ime consuming process  t h a t  
usua l ly  involves extensive f i e l d  work, labora tory  a n a l y s i s  of 
t h i n  s e c t i o n s ,  and X-ray s t u d i e s .  A d d i t i o n a l l y ,  most 
conven t iona l  s t u d i e s  of hydrothermal  a l t e r a t i o n  do not  
recognize weathering products  of a l t e r e d  rocks and seek t o  
cha rac t e r i ze  only t h e  a l t e r e d  bedrock. The determination of 
t h e  r e l a t i o n s h i p  of minerals formed b y  near-surface weathering 
of a l t e r a t i o n  minerals t o  t h e  o r i g i n a l  a l t e r a t i o n  p a t t e r n s  i s  
necessary t o  allow use of t hese  secondary minerals t o  l o c a t e  
new o rebod ies .  High s p e c t r a l  r e s o l u t i o n  remote sens ing  
p r o v i d e s  u s  w i t h  a t o o l  t o  s t a r t  d e t e r m i n i n g  t h e s e  
r e l a t i o n s h i p s .  T h i s  study discusses  techniques f o r  processing 
Airborne Imaging Spectrometer ( A I S )  da ta ,  and presents  r e s u l t s  
f o r  a s t u d y  a rea  i n  t h e  northern Grapevine Mountains, Nevada 
and Cal i forn ia .  A t o t a l  of seven A I S  f l i g h t l i n e s  were analyzed 
(Figure 1 ) .  
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The A I S  i s  an experimental sensor designed t o  t e s t  two 
dimensional, near - inf ra red  a rea  a r r ay  d e t e c t o r s .  I t  images 
32 ( A I S - 1 ,  1983-1985) o r  6 4  ( A I S - 2 ,  1986) cross- t rack p i x e l s  
s imultaneously,  c o l l e c t i n g  d a t a  i n  128 contiguous narrow 
channels ( A I S - 1  [9.3nm], A I S - 2  [ 1 0 . 6 n m ] )  from approximately 
1 . 2  t o  2.5pm (Vane and o thers ,  1983; Goetz and o thers ,  1985; 
Vane, 1986) .  The a rea  a r ray  de tec tor  i s  composed of a 32 X 32 
element ( A I S - 1 )  o r  6 4  x 64  element ( A I S - 2 )  HgCdTe d e t e c t o r  
sandwiched w i t h  a s i l i c o n  charge-coupled device mul t ip lexer  
(Rode and o the r s ,  1982; Wellman and o the r s ,  1983; Goetz and 
o t h e r s ,  1985) .  The spectrometer i s  stepped through fou r  
g ra t ing  pos i t i ons  ( A I S - 1 )  o r  two gra t ing  pos i t ions  ( A I S - 2 )  i n  
t h e  t ime it t a k e s  t o  advance one p i x e l  on t h e  ground t o  
obtain t h e  1 2 8  s p e c t r a l  bands. The A I S - 1  was flown on a NASA 
C-130 a i r c r a f t  a t  an a l t i t u d e  of approximately 4 , 5 0 0  meters 
above mean t e r r a i n ,  r e s u l t i n g  i n  an average ground p i x e l  s i z e  
of about 1 0 . 9  X 1 0 . 9  meters and a swath w i d t h  of about 350 
meters.  The A I S - 2  was flown a t  a s imi l a r  a l t i t u d e ;  but t h e  
r ev i sed  instrument  c h a r a c t e r i s t i c s  r e s u l t e d  i n  an average 
ground p i x e l  of about 1 4 . 4  X 1 4 . 4  meters and swath width of 
about 920 meters. 
T h e  b a s i c  a n a l y s i s  approach f o r  t h e s e  d a t a  was t o  
e n t l f v  - i nd iv idua l  minerals using r e f l ec t ance  information, 
and t o  u s e  mineral  assemblages and d i s t r i b u t i o n  information 
t o  develop a b e t t e r  understanding of t h e  weathered sur faces  
of t h e  hydrothermally a l t e r e d  rocks.  The research  r e s u l t s  
a r e  an example of t h e  u s e  of a i rbo rne  spectroscopy f o r  
a l t e r a t i o n  mapping. 
PREPROCESSING 
Several preprocessing s t eps  a r e  required t o  prepare A I S  
d a t a  f o r  a n a l y s i s .  Cosmetic process ing  i s  necessary  t o  
c o r r e c t  f o r  dropped l i n e s  and v e r t i c a l  s t r i p i n g .  
N o r m a l i z a t i o n  i s  r e q u i r e d  t o  remove a l b e d o  e f f e c t s .  
I n d i v i d u a l  bad l i n e s  ( d a t a  drop o u t s )  were removed b y  
replacing t h e  bad l i n e s  w i t h  t he  average of t h e  two adjacent  
l i n e s .  Additionally,  even though J P L  had appl ied radiometric 
c o r r e c t i o n s  t o  t h e  d a t a ,  a pronounced v e r t i c a l  s t r i p i n g  
p a t t e r n  was s t i l l  observed i n  t h e  images, presumably caused 
by  varying DC o f f s e t s  i n  d e t e c t o r s  i n  t h e  p i x e l  d i r e c t i o n .  
The DC o f f s e t s  were cor rec ted  using t h e  procedures described 
by Dykstra and Segal ( 1 9 8 5 ) .  Albedo d i f fe rences  were removed 
from t h e  images us ing  an "equal  a r e a  normal iza t ion"  a s  
d e s c r i b e d  i n  t h e  Airborne Imaging Spectrometer  Sc ience  
I n v e s t i g a t o r ' s  Guide ( J P L ,  1 9 8 4 ,  1 9 8 5 ) .  T h i s  a l lowed 
e x t r a c t i o n  of s p e c t r a l  information t h a t  had been masked by  
br ightness  v a r i a t i o n .  
Idea l ly  t h e  a i r c r a f t  data  should next be c a l i b r a t e d  t o  
a b s o l u t e  r e f l e c t a n c e  so  t h a t  i n d i v i d u a l  s p e c t r a  can be 
compared d i r e c t l y  w i t h  l a b o r a t o r y  d a t a  f o r  m i n e r a l  
i d e n t i f i c a t i o n .  However, t h i s  requi res  a p r i o r i  knowledge, 
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t he re fo re ,  t h e  approach taken was t o  use the  p rope r t i e s  of 
t h e  d a t a  themselves t o  c a l c u l a t e  an approximation of t h e  
r e f l ec t ance .  T h i s  approximation i s  defined here as  " in t e rna l  
average r e l a t i v e  (IAR) r e f l e c t a n c e " .  IAR r e f l e c t a n c e  i s  
c a l c u l a t e d  b y  determining an average spectrum f o r  a s i n g l e  
f l i g h t l i n e  o r  i n  t h i s  case f o r  a l l  f l i g h t l i n e s  acquired on an 
ind iv idua l  mission. Each spectrum ( p i x e l  w i t h  1 2 8  channels) 
i n  t h e  f l i g h t l i n e  i s  then divided by t h e  average spectrum 
(Figure  2 ) .  The r e s u l t i n g  s p e c t r a  represent  r e f l e c t a n c e  
r e l a t i v e  t o  t h e  average spectrum and resemble l abora to ry  
s p e c t r a  a c q u i r e d  of t h e  same m a t e r i a l s .  One t h i n g  t o  
remember when looking a t  an IAR r e f l e c t a n c e  spectrum, 
however, i s  t h a t  t h e  average spectrum used t o  ca l cu la t e  t h e  
IAR r e f l e c t a n c e  spectrum may i t s e l f  have s p e c t r a l  charac te r  
r e l a t e d  t o  mineral  absorption f e a t u r e s .  T h i s  can adversely 
a f f e c t  t h e  appearance of t h e  I A R  r e f l e c t a n c e  s p e c t r a  and 
l i m i t  t h e i r  u s e f u l n e s s  i n  comparisons w i t h  l a b o r a t o r y  
s p e c t r a .  The average spectrum f o r  t h e  f l i g h t l i n e s  analyzed 
i n  t h i s  s tudy d i d  not contain any obvious mineral absorption 
f e a t u r e s .  The IAR r e f l e c t a n c e  technique has t h e  added 
advantage of e f f e c t i v e l y  removing t h e  majority of atmospheric 
e f f e c t s ,  s i n c e  t h e  average spec t r a  conta ins  con t r ibu t ions  
from t h e  atmosphere,  however, i f  t h e  f l i g h t  crosses an  area 
t h a t  has  wide v a r i a t i o n  i n  ground e l e v a t i o n ,  o r  t h e  
atmosphere i s  not  uniform ac ross  t h e  f l i g h t ,  t h e  g loba l  
average w i l l  no t  completely remove t h e  e f f e c t s  of t h e  
atmosphere. A technique s i m i l a r  t o  t h e  IAR r e f l e c t a n c e  
procedure ( l o g a r i t h m i c  r e s i d u a l s )  has been s u c c e s s f u l l y  
demonstrated b y  Green and Craig ( 1 9 8 5 )  and Huntington and 
o thers  ( 1 9 8 6 ) .  
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Figure 2 .  IAR Reflectance 
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Once t h e  I A R  re f lec tance  spectra  a r e  ca lcu la ted  t h e n  t h e  
d a t a  a r e  ready f o r  s p e c t r a l  a n a l y s i s .  O n l y  t h e  channels 
between 2 . 1  and 2.5pm were used fo r  th i ’ s  ana lys i s  ( t h e  number 
of channels i n  t h i s  wavelength range var ied between the  1 9 8 4 ,  
1985, and 1986 data  s e t s ) .  T h i s  region contains many of t h e  
c h a r a c t e r i s t i c  abso rp t ion  bands t h a t  a l low mine ra log ica l  
i d e n t i f i c a t i o n  and gene ra l ly  avoids atmospheric absorp t ion  
problems. 
The image representat ion of I A R  r e f l ec t ance  is shown i n  
Figure 3 .  Dark a reas  i n  t h e  I A R  r e f l ec t ance  image (Figure 
3 B )  r ep resen t  abso rp t ion  f e a t u r e s .  Color coded s tacked  
spec t r a  showing a l l  of t h e  spec t ra  along a f l i g h t l i n e  (Marsh 
and McKeon, 1983; Kruse and o thers ,  1985a, 1985b; Huntington 
and o t h e r s ,  1986) and a s ing le-band c o l o r  coded I A R  
r e f l e c t a n c e  image a r e  shown i n  slide 5.  A c o l o r  coded 
spectrum ( A )  and t h e  corresponding ( idea l i zed )  s p e c t r a l  p l o t  
( B )  show t h e  r e l a t ionsh ip  between the  colors  and t h e  s p e c t r a l  
f e a t u r e s .  The image on the  l e f t  ( C )  cons i s t s  of color-coded, 
stacked r e l a t i v e  r e f l ec t ance  spec t ra .  The x-axis represents  
t h e  s p e c t r a l  d i r e c t i o n  ( 1 . 2  t o  2.337pm), and t h e  y-axis 
represents  t h e  f l i g h t l i n e  d i r e c t i o n .  Each l i n e  i n  t h e  image 
r e p r e s e n t s  a spectrum. The image on t h e  r i g h t  (D) i s  a 
color-coded single-band image f o r  2.21pm. The co lor  bar  i n  
t h e  upper r i g h t  corner shows the  co lors  f o r  s p e c t r a l  f ea tu re s  
on both  images.  Black, p u r p l e s  and b l u e s  r e p r e s e n t  
r e f l e c t a n c e  lower than  t h e  average spectrum (abso rp t ion  
f e a t u r e s ) ,  green and yellow represent  r e f l ec t ance  s imi l a r  t o  
t h e  average ,  and oranges ,  reds, and whi tes  r e p r e s e n t  
r e f l e c t a n c e  higher  than t h e  average spectrum. The mineral  
absorption bands can be c l e a r l y  seen i n  these images. 
Algorithms were developed t o  i d e n t i f y  automatical ly  t h e  
s t ronges t  absorpt ion f ea tu re  i n  t h e  2 . 1  t o  2.5pm por t ion  of 
each A I S  spectrum. Removal of a continuum (Clark and Roush, 
1984) was used t o  p l ace  a l l  of t h e  s p e c t r a  on a common 
reference p l a n e  (Figure 4 ) .  T h e  c o n t i n u u m  w a s  c a l cu la t ed  
using a second order  polynomial f i t t e d  t o  selected channels 
(channels  without known absorp t ion  f e a t u r e s )  i n  t h e  I A R  
r e f l ec t ance  spec t r a .  The continuum was removed by  d iv id ing  
t h e  polynomial func t ion  i n t o  t h e  A I S  d a t a .  The s t r o n g e s t  
absorpt ion f ea tu re  was defined a s  t h e  wavelength pos i t i on  of 
t h e  channel w i t h  t h e  maximum depth from the  continuum (Figure 
5 ) .  Once t h e  band p o s i t i o n  was i d e n t i f i e d ,  then t h e  band 
depth and band wid th  were ca lcu la ted  a s  t he  d is tance  from t h e  
continuum a t  t h e  band pos i t i on ,  and t h e  f u l l  width a t  one 
half  t h e  band depth respect ively (Figure 5 ) .  
T h e  n e x t  s t e p  was t o  p u t  t h i s  information i n t o  a form 
t h a t  could be e a s i l y  i n t e r p r e t e d .  The goal was t o  compress 
t h e  s p e c t r a l  information i n t o  a s ing le  color-composite image 
representa t ive  of t h e  da t a .  T h i s  goal was accomplished using 
an i n t e n s i t y ,  hue, s a tu ra t ion  ( IHS)  co lor  transform (Raines, 
1 9 7 7 ;  Raines and Knepper, 1 9 8 3 ;  Kruse and Raines, 1 9 8 4 )  t o  
map t h e  t h r e e  band parameters i n t o  red, green, blue (RGB) 
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Figure 3 .  A. AIS-1 raw data  - Dark areas  represent  dark 
rocks and shadows. 
represent  absorption f ea tu res  a t  2.21pm. 
B. AIS IAR re f lec tance  image - Dark areas  
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color  space. The band pos i t i on  was mapped i n t o  hue, t h e  band 
depth was mapped i n t o  i n t e n s i t y ,  and t h e  band width was 
mapped i n t o  s a t u r a t i o n .  Transformation of t h e  I H S  encoded 
s p e c t r a l  information i n t o  t h e  RGB co lo r  space produced an 
image i n  which a l l  of t h e  absorption band information f o r  t h e  
s t ronges t  absorp t ion  f e a t u r e  between 2 . 1  and 2 . 4 p . m  i n  each 
p i x e l  was present  i n  t he  co lor  v a r i a t i o n  (Kruse and o thers ,  
1986; Kruse, 1 9 8 7 ) .  T h i s  co lo r  v a r i a t i o n  was then mapped 
onto a single-band A I S  image i n  which colored a reas  represent  
a r e a s  w i t h  absorp t ion  f e a t u r e s  deeper than a p r e s e l e c t e d  
cutoff  value, and areas  without absorption f ea tu res  a r e  shown 
a s  t h e  gray sca l e  image (See s l ide  6). T h i s  type of image i s  
here termed an llIHS-coded absorption band image." 
RESULTS 
Several minerals were i d e n t i f i e d .  S e r i c i t e  (muscovite) 
was i d e n t i f i e d  by absorpt ion f e a t u r e s  a t  2 . 2 0 6 ,  2.346, and 
2.445p.m (Figure  6 ) .  S e r i c i t e  m u s t  be i d e n t i f i e d  us ing  
s l i g h t l y  d i f f e r e n t  c r i t e r i a  i n  t h e  t h r e e  d i f f e r e n t  A I S  da ta  
s e t s  ( 1 9 8 4  A I S - 1 ,  1985 A I S - 1 ,  1 9 8 6  A I S - 2 ) .  I n  t h e  1 9 8 4  data ,  
t h e  cutoff  wavelength of 2.337p.m prevents observation of t he  
2.346 and 2 . 4 4 5 p . m  a b s o r p t i o n  f e a t u r e s .  However, t h e  
d e c r e a s i n g  r e f l e c t a n c e  between 2 . 3  a n d  2.337pm is 
c h a r a c t e r i s t i c  (Figure 6 A ) .  I n  t h e  1985 da ta ,  t h e  cu tof f  
wavelength of 2 . 4 p . m  p revents  observa t ion  of t h e  2 . 4 4 5 p m  
absorpt ion f e a t u r e ,  however, t h e  2.346p.m absorpt ion f e a t u r e  
i s  c l e a r l y  seen (F igure  6 A ) .  T h e  1 9 8 6  d a t a  inc lude  t h e  
necessary wavelength range t o  observe both t h e  2.345 and 
2.445 absorpt ion f ea tu res ,  however, i n  many cases  n e i t h e r  of 
t h e s e  bands i s  f u l l y  reso lved .  Ins tead ,  a broad band i s  
observed i n  t h e  da t a  covering t h e  f u l l  range between about 
2 .3  and 2.48pm (Figure 6 B ) .  
Montmorillonite could be d i f f e r e n t i a t e d  from s e r i c i t e  i n  
t h e  1 9 8 4  A I S - 1  da ta  based upon t h e  c h a r a c t e r i s t i c s  of t he  2 .3  
t o  2.337pm por t ion  of t h e  spec t r a  (Figure 7 ) .  Areas w i t h  
s e r i c i t e  show decreasing re f lec tance  i n  t h i s  region caused by 
t h e  absorp t ion  f e a t u r e  near 2.35p.m, w h i l e  montmori l loni te  
s p e c t r a  remain f a i r l y  l e v e l  i n  t h i s  r e g i o n .  N o  
montmorillonite spec t ra  were found i n  t h e  1985 or  1986 d a t a .  
Spectra  c h a r a c t e r i s t i c  of montmoril lonite were found i n  t h e  
1 9 8 4  d a t a  t h a t  cove r s  an a r e a  of a r g i l l i c / s e r i c i t i c  
a l t e r a t i o n .  Areas of mixed montmori l loni te  and s e r i c i t e  
could not be d i s t ingu i shed  from those  having only s e r i c i t e  
b e c a u s e  even s m a l l  amounts of s e r i c i t e  mask t h e  
montmorillonite spec t r a .  
Examination of t h e  carbonate spec t ra  from t h e  1 9 8 4  da ta  
i n d i c a t e s  t h a t  d i sc r imina t ion  of c a l c i t e  from dolomite i s  
d i f f i c u l t  because of t he  wavelength cutoff  f o r  t h a t  da ta  set 
a t  approximately 2.34p.m. The s p e c t r a l  range of t h e  1985 data  
extends t o  approximately 2 . 4 p . m  and t h e  1 9 8 6  da ta  t o  2.52p.m, 
so these  data  do allow i d e n t i f i c a t i o n  of c a l c i t e  and dolomite 
(Figure 8 )  based on t h e  presence of absorption f ea tu res  near 
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2 . 3 4  and 2.32pm, respect ively (Gaffey, 1 9 8 4 )  . For carbonate- 
derived alluvium t h e  spectra  have an absorption fea ture  near 
2 . 3 4 p m ,  however, the fea ture  i s  shallower and much broader. 
Several  spec t ra  having some c h a r a c t e r i s t i c s  s imi l a r  t o  
epidote,  t remol i te ,  and a c t i n o l i t e  were observed i n  the d a t a .  
Low s igna l - to -no i se  r a t i o s ,  however, precluded p o s i t i v e  
i d e n t i f i c a t i o n .  The i n a b i l i t y  t o  p r e c i s e l y  l o c a t e  s i n g l e  
p i x e l s  on t h e  ground (and probable w i t h i n  p i x e l  mixing) 
p reven ted  independent conf i rma t ion  of  t h e s e  mine ra l s ,  
a l t hough  t h e y  a r e  known t o  occur  i n  t h e  s tudy  a r e a .  
Additionally,  an unknown mineral w i t h  a broad absorption band 
near 2.43pm was observed i n  t he  volcanic  rocks south of t he  
study a rea  (Figure 9 ) .  T h i s  area was not f i e l d  checked and 
t h e  mine ra l  remains u n i d e n t i f i e d  a l though t h e  s p e c t r a  
somewhat resemble l abora to ry  s p e c t r a  of s e v e r a l  z e o l i t e  
minerals.  
Figure 9 .  A I S - 2  spectra  of unknown mineral w i t h  broad 
absorption band near 2.43pm 
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The absorpt ion f ea tu re  map and ind iv idua l  spec t r a  were 
used t o  i d e n t i f y  minerals and the  color-coded dens i ty-s l iced  
images and i n d i v i d u a l  s p e c t r a  were used t o  e s t i m a t e  
a l t e r a t i o n  i n t e n s i t y  based upon t h e  s t r e n g t h  of absorpt ion 
f e a t u r e s .  Figure 1 0  gives  a good p i c t u r e  of t h e  a l t e r a t i o n  
i n  t h e  study a r e a .  The s t ronges t  a l t e r a t i o n  found using t h e  
A I S  da t a  i s  t h e  northwest-trending zone of s t rong  s e r i c i t e  
a l t e r a t i o n  j u s t  southeast  of F l u o r i t e  H i l l .  Addi t ional ly ,  
t h e  A I S  da t a  show t h a t  t h i s  zone of s t rong  a l t e r a t i o n  i s  
surrounded by  an envelope of weak s e r i c i t e  a l t e r a t i o n .  The 
A I S  a l t e r a t i o n  map a l s o  shows a zone of s t rong  s e r i c i t e  
a l t e r a t i o n  j u s t  northeast  of t he  Tripod Mine. 
The A I S  d a t a  a l low i d e n t i f i c a t i o n  and mapping of 
carbonate minerals (Figure 10). Dolomite (yellow on slide 6 )  
was mapped b y  an absorpt ion f ea tu re  near 2.32pm and c a l c i t e  
(reds on slide 6) was mapped by an absorpt ion f e a t u r e  near 
2.34pm. T h e  occurrence of s p a t i a l l y  mixed  c a l c i t e  and 
dolomite p i x e l s  was mapped a s  mixed c a l c i t e  and dolomite .  
Carbonate mineralogy g e n e r a l l y  was confirmed b y  X-ray 
d i f f r a c t i o n  w i t h i n  t h e  l i m i t a t i o n s  of sampling - 1 5 m  p i x e l s .  
F i n e r  s p a t i a l  r e s o l u t i o n  i s  r e q u i r e d  t o  r e s o l v e  t h e  
individual  limestone and dolomite beds. 
The A I S  a l t e r a t i o n  map (Figure 1 0 )  was f i e l d  checked 
during 1 9 8 6  and gene ra l ly  shows good correspondence w i t h  
f i e l d  mapping (Figure 11). The minerals mapped using the  A I S  
da ta  accu ra t e ly  represent  t h e  sur face  condi t ions mapped i n  
t h e  f i e l d  and v e r i f i e d  by pe t ro log ica l  and X-ray d i f f r a c t i o n  
s t u d i e s .  Both t h e  f i e l d  mapping and t h e  mineralogical  map 
produced from t h e  A I S  data  show a l i n e a r ,  northwest-trending 
zone of s t rong  s e r i c i t i c  a l t e r a t i o n  surrounded by  a halo of 
weaker a l t e r a t i o n .  The A I S  map i s  more d e t a i l e d  than t h e  
f i e l d  map, p a r t i c u l a r l y  i n  a r e a s  of moderate t o  weak 
s e r i c i t i c  a l t e r a t i o n ,  where t h e  A I S  map reso lves  very small 
a r e a s  of more in t ense  a l t e r a t i o n  (south of F l u o r i t e  H i l l )  
surrounded by a broader ha lo .  During f i e l d  mapping, t hese  
s m a l l  areas w e r e  n o t  mapped and the  e n t i r e  area was mapped a s  
moderate s e r i c i t i c  a l t e r a t i o n .  I n  one a r e a  of weakly 
s e r i c i t i z e d  rock (VWS, Figure ll), X-ray d i f f r a c t i o n  ana lys i s  
demonstrated t h a t  t h e  predominant s o i l  c l a y  minera l  i s  
montmoril lonite.  Although t h i s  s o i l  contains  less s e r i c i t e  
than montmorillonite, t h e  s p e c t r a l  charac te r  of t h e  s e r i c i t e  
dominates t h e  near - inf ra red  spec t r a  and montmoril lonite was 
not i d e n t i f i e d  using f i e l d ,  laboratory,  o r  a i r c r a f t  spec t ra ;  
X-ray d i f f r a c t i o n  was r e q u i r e d  t o  i d e n t i f y  t h e  
montmorillonite. 
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